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Summary
　Postharvest physiology of Eustoma grandiflorum cut flowers in relation to ethylene and pollination and their postharvest chemical 
treatment were investigated. Ethylene is involved in natural and pollinated flower senescence in Eustoma. Factors affecting the vase 
life of pollinated flowers were investigated. Cultivar variation was observed in the distance from stigma to anther and in the rate of 
natural pollinated flowers. The rate of pollinated flowers was negatively correlated with the distance from stigma to anther, suggesting 
easier pollination of flowers with shorter distance. Senescence of Eustoma flowers was significantly accelerated by all-area and 1/8-
area pollination compared with the control and all-area pollinated flowers tended to senesce faster than 1/8-area pollinated ones, 
suggesting that the pollinated area of the stigmatic surface also affects the vase life of pollinated Eustoma flowers.
　Cultivar variation was also observed in the vase life of unpollinated and pollinated Eustoma flowers. In unpollinated and pollinated 
flowers, the flower diameter of short-lived cultivars tended towards a greater reduction compared to that of long-lived cultivars after 
ethylene treatment. These results suggest that the sensitivity of flowers to ethylene is likely related to cultivar variations in the vase 
life of unpollinated and pollinated flowers.
　Sugar application is very effective for promoting bud opening and petal pigmentation as well as extending the vase life of cut 
Eustoma flowers; however, it can also cause leaf damage. High sucrose concentration and excessive uptake of sucrose solution 
resulted in an increased rate of leaf damage. The addition of abscisic acid (ABA) to the sucrose solution reduced sucrose accumulation 
in leaves and prevented leaf damage. Cut Eustoma flowers were treated with silver thiosulfate complex, an ethylene action inhibitor, 
4% sucrose and ABA for pulse treatment, followed by 1% sucrose for transport. These treatments extended the vase life of foliage 
and flowers and promoted bud opening by simulated transport and in practice.
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付け面積 465ha，出荷量は 1億 1750万本となっている（農
林水産省大臣官房統計部，1986～ 2008）．さらに，切り












































































































いる（Ichimura and Goto, 2000）．ラン（Burg and Dijkman, 





















































and Dilley，1976a；Ichimura et al., 2000a），エチレン生
成量が急激に増加する時期を遅延させる（Dilley and 













ルースター（Tweedia caerulea D. Don）でもみられ，葉に
斑点状の褐変が発生し，その後葉が萎凋および乾燥し観
賞価値を著しく損なうことが報告されている（Markhart 







and Kofranek, 1984； 島 村・ 岡 林，1997；Ichimura and 
Table 1. Effect of pollination on the vase life of 13 cultivars of 
cut   Eustoma flowers.
Cultivar Vase life (days)z Significancex
 Unpollinated Pollinatedy
Asuka-no-kozakura 13.0±0.9 6.3±0.5 ***
Asuka-no-sazanami 12.2±0.9  8.7±0.7 **
Asuka-no-shizuku  15.4±0.7 6.5±0.7 ***
Asuka-no-nami    9.2±0.6 6.1±0.5 **
Asuka-no-yosooi   4.9±0.8  3.1±0.3 ns
Azuma-no-kasumi     7.1±0.4 4.5±0.8 **
Azuma-no-sakura    6.1±1.1  4.7±0.7 ns
Azuma-no-hohoemi  10.9±0.6 6.0±0.7 ***
Sui-bijin   10.7±0.9 6.6±0.9 **
Tsukushi-no-nami   8.5±0.5   3.7±0.3 *** 
New Small Lady 12.9±1.1   7.1±0.9 ***
Polars White   3.6±0.3 3.4±0.2 ns
Maite Sky         6.8±0.5 3.4±0.3 ***
Values are means of 10 flowers ± SE. 
zVase life was defined as the time from pollination to when 
petals wilt.
yPollination was carried out four or five days after harvest.
xns ,** ,*** : nonsignificant or significant at  P < 0.01 or 0.001, 
respectively by t-test. 







　実験 1）の結果を第 1表に示す．トルコギキョウ 13品
種中の 10品種で受粉により花持ちが有意に短縮した．


























































Fig.1. Photograph comparing the variation in distance from 
stigma to anther between ‘Tukushi-no-nami’(left) and ‘Maite 
Sky’(right). 
Photograph taken 12 days after harvest.
Arrow indicates the distance from stigma to anther.
Table 2. The influence of the distance from the stigma to anther 
and rate of the pollinated flowers on the vase life of 13 cultivars 
of cut  Eustoma flowers.
Cultivar  Vase lifez   The distance    　 Rate of
  (days) from the stigma  the pollinated
        to anthery      flowers
   (mm) (%)
Asuka-no-kozakura 18.1±1.1 1.5±0.4 20
Asuka-no-sazanami 15.8±0.9 3.3±0.3 20
Asuka-no-shizuku 10.3±0.4 0.6±0.2 80
Asuka-no-nami 13.6±0.4 2.3±0.3 20
Asuka-no-yosooi 11.5±0.7 2.7±0.5 60
Azuma-no-kasumi 10.2±0.4 1.4±0.1 60
Azuma-no-sakura 11.3±0.8 0.6±0.2 70
Azuma-no-hohoemi 14.4±0.9 4.0±0.6   0
Sui-bijin  11.6±1.0 2.0±0.6 40
Tsukushi-no-nami 13.7±0.6 4.0±0.5   0
New Small Lady 16.8±0.9 1.7±0.3 30
Polars White   8.8±0.2 3.3±0.2   0
Maite Sky       9.7±0.4 0.1±0.1 90
Significancex P<0.0001
Values are means of 10 flowers ± SE. 
zVase life was defined as the time from harvest to when petals 
wilt. 
yThe distance from the stigma to anthor was measured every 
two days and is expressed as the mean  of the minimum lengths. 
















































Table 3.  Vase life of emasculated and non-emasculated flowers and the ease of pollination in 6 Eustoma cultivars.
Cultivar  Vase lifez
  (days) The distance from   Rate of
   the stigma to anthery  the pollinated flowers
  emasculated non-emasculated Significance (mm)   (%)
Asuka-no-kozakura 10.8±1.1 9.6±0.3 nsx 0.8±0.4   75
Asuka-no-shizuku 11.6±0.5 11.3±0.2 ns 1.4±0.4   63
Asuka-no-nami 10.5±0.3 9.5±0.6 ns 0.8±0.4   63
Azuma-no-kasumi 10.5±0.8 9.5±0.6 ns 0.1±0.1 100
New Small Lady 14.1±0.6 13.4±0.3 ns 0.3±0.1   88
Maite Sky  7.9±0.1 8.3±0.4 ns 0.1±0.1 100
Values are means of 10 flowers ± SE. 
zVase life was defined as the time from harvest to when petals wilt. 
yThe distance from the stigma to anther was measured every two days and is expressed as the mean  of the minimum lengths. 
xns: nonsignificant by t-test.
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Fig. 2. Effect of pollinated area on ethylene production by 
‘Asuka-no-nami’ flowers.  Each plot represents the means of 4 
replication ± SE.
Table 4.  Effect of pollinated area on the vase life after pollination in 6 Eustoma cultivars.
  Vase life z(days)
Pollination  Azuma-no-kasumi Asuka-no-kozakura Asuka-no-nami Asuka-no-shizuku New Small Lady Maite Sky
unpollination　　　　　　　7.9a　　　　　　7.3ay　　　　　　　5.3a　　　　　　8.0a 8.8a 5.4a
1/8 area  4.0b 4.8b 3.8b 4.1b 4.6b 3.5b
all area  3.1b 2.6c 2.5c 3.1b 3.3b 1.9c
Significancex      
Cultivar  P=0.0002     
Pollination  P<0.0001     
Cultivar×Pollination P=0.1764
Values are means of 8 replications.      
zVase life was defined as the time from pollination to when petals wilt.      
y Data with different letters are significant at P=0.05 by Turkey-Kramer test.      

































収穫し第 1章第 1節の実験 2）と同条件下に搬入した．
搬入後直ちに 0，0.2，2mMのチオ硫酸銀錯塩（STS）










 Ⅰ Ⅱ 
Ⅲ 
Fig.3. Photographs showing the effect of pollinated area on 
pollen tube growth in the base of the style in  ‘Asuka-no-nami’ 
flowers.   
Ⅰ : all area-pollinated style 2 days after pollination, Ⅱ : 1/8 area-
pollinated style 2 days after pollination, Ⅲ : 1/8 area-pollinated 
style 3 days after pollination.  
Table 5.  Pollen tube growth in the base of the style in ‘Asuka-no-nami’ flowers.
Time after pollination
(days) Pollinated area of the stigma
Number of the styles
-z + ++ +++
1
All 1 3 2 0
1/8 4 2 0 0
2
All 0 0 0 6
1/8 1 1 3 1
3
All 0 0 0 6
1/8 0 0 0 6
Six flowers were used for each treatment.
z Degree of pollen tube number to grow in the base of the styles. -, none: +, 1 to 10: ++, 10 to 100: +++, more than 100.
Table 6. Effect of pollinated area and STS (silver thiosulfate 
complex) concentration on the vase life after pollination in 
‘Asuka-no-nami’ flowers
Vase life z(days)
STS concentration (mM) unpollination 1/8 area all area
0    7.9ay   5.0a 2.2a
   0.2 11.6b     7.3ab 3.5a





Values are means of 10 replications.
zVase life was defined as the time from pollination to when 
petals wilt.
y Data with different letters are significant at P=0.05 by Turkey-
Kramer test.
x Analysis by two-way ANOVA. 































































































































































Fig. 4. Effect of heat treatment of pollen on the vase life and 
ethylene production after pollination in cut ‘Asuka-no-nami ’ 
flowers. 
Ten mg of pollen was heated with microwave oven (TOSHIBA, 
ER-VS12: 500W).
Ethylene production was measured 1 day after pollination. 
Each plot of vase life represents the mean of 8± SE.
Each plot of ethylene production represents the mean of 4 ± SE.
Table 7. Effect of heat treatment for pollen of ‘Asuka-no-nami’ 
flowers on the rate of vigor pollen.
Heat treatmentz (second) Rate of vigor polleny (%)
    0   85.9x
  15 65.8
  30 66.0
  60   1.9
120   0.4
Observation by microscope was repeated twice for each heat 
treatment. 
Number of pollen stained by TTC and total pollen were counted 
at 5 ranges of view in each observation.
z Ten mg of pollen was heated with microwave oven (TOSHIBA, 
ER-VS12: 500W).
y Number of pollen stained by TTC /number of total pollen ×100
x Values are means of twice repeatedly observation.



























































Table 8. Effect of heat treatment for pollen of ‘Asuka-no-nami’ flowers on the pollen tube growth in the styles.
Top
Time after Heat
pollination treatmentz Number of the styles
 (days)  (second) -y + ++ +++
1     0 0 0 0 4
  15 0 0 1 3
  30 1 0 4 0
  60 4 1 0 0
120 5 0 0 0
2     0 0 0 0 4
  15 0 0 0 4
  30 0 0 0 5
  60 5 1 0 0
120 0 4 1 0
Middle
Time after Heat
pollination treatment Number of the styles
 (days)  (second) - + ++ +++
1     0 0 0 2 2
  15 4 0 0 0
  30 5 0 0 0
  60 5 0 0 0
120 5 0 0 0
2     0 0 0 0 4
  15 0 0 0 4
  30 0 0 0 5
  60 4 1 0 0
120 3 1 1 0
Bottom
Time after Heat
pollination treatment Number of the styles
 (days)  (second) - + ++ +++
1     0 4 0 0 0
  15 4 0 0 0
  30 5 0 0 0
  60 5 0 0 0
120 5 0 0 0
2     0 0 0 0 4
  15 0 0 0 4
  30 0 0 2 3
  60 5 0 0 0
120 4 1 0 0
z Ten mg of pollen was heated with microwave oven (TOSHIBA, ER-VS12: 500W).
y Degree of pollen tube number to grow in the base of the styles. -, 0 to 10: +, 10 to 50: ++, 50 to 100:


























は 1点につき 3または 4小花を用いた．カーネーション
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Fig. 5. Changes in ethylene production by unpollinated flowers in 6 Eustoma cultivars
Each plot represents the means of 3 or 4 replications + SE.







New Small Lady 15.3±0.6
Asuka-no-sazanami 18.5±0.4
Significancey P<0.0001
Values are means of 8 replications ±SE.
zVase life was defined as the time from harvest to when petals 
wilt.















































Table 10. Vase life of cut unpollinated flowers with or without 
ethylene treatment in 6 Eustoma cultivars.
Vase life (days)z
Cultivar Control Ethylene treatmenty
0 day 1 day 2 day
Azuma-no-sakura 12.4±0.7  11.4±0.7nsx     8.8±0.5**   8.4±0.6**
Azuma-no-murasaki 11.3±0.2   7.2±1.0**     8.0±0.6** 8.4±0.7*
Maite Sky 10.4±0.7   9.2±0.5ns     3.0±1.0**   4.2±0.7**
Asuka-no-nami 12.2±0.5 12.0±0.7ns   12.2±0.4ns 12.4±0.5ns
New Small Lady 18.2±1.0 NTw 16.0±0.0* 15.4±0.2**
Asuka-no-sazanami 18.6±0.2 13.4±0.4**   14.0±0.5** 13.8±0.5**
Values are means of five replications ± SE.
z Vase life was defined as the interval from harvest until petals 
wilt.
y Ten µL∙L -1 ethylene was treated for 24 h to unpollinated 
flowers 0, 1, and 2 day after harvest. 
xns, *, ** indicate non-significant, and significant at P < 0.05 or 
0.01, respectively, compared with controls of each cultivar (by 
Dunnett test).
w NT: not tested.







































































いられている（Yamada et al., 2006）．そこで，さらに詳
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New Small Lady
Fig. 6. Changes in relative flower diameter after ethylene treatment in 6 Eustoma cultivars.
Each plot represents the means of 5 replications + SE.
Ten µL·L-1 ethylene was treated to unpollinated flowers 0, 1, and 2 day after harvest for 24 h.












的である（Woltering and van Doorn, 1988）．トルコギキョ
エチレンに対する感受性の差異を，より明確にできる可
能性があると考えられる．
　ペチュニア（Whitehead and Halevy, 1989）やトレニ
ア（Goto et al., 1999）では加齢により花のエチレンに対
する感受性が高まるが，カーネーション（Onozaki et al., 






Table 11. Effect of pollination on the vase life of 6 cultivars of 
cut  Eustoma flowers.
Cultivar Vase life (days)z
Pollinated Unpollinated Significancey
Maite Sky 1.7±0.2   8.3±0.4 ***
Pinokio 3.0±0.3   8.6±0.4 ***
Papillon Pink Flash 3.9±0.2 10.6±0.7 ***
Cutie Snow 4.8±0.3 13.7±0.4 ***
Summer Kiss 6.0±0.4 10.0±0.4 ***
Ceremony Peach 6.9±0.5   8.6±0.4 *
Values are means of 10 flowers ± SE. 
zVase life was defined as the time from pollination to when 
petals wilt.
y *: ***, significant at P<0.05 or 0.001, respectively by t-test.
































示されている（Ichimura et al., 1998b）．本実験においても，




































Fig. 7. Effect of pollination on ethylene production by flowers. 
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Fig. 7. Effect of pollination on ethylene production by flowers.
 Each plot represents the means of 3 replications ± SE.
Table 12. Effect of ethylene treatment on the vase life of 
pollinated ‘Pinokio’ and ‘Summer Kiss’ flowers.
Cultivar Vase life (days)z
Control Ethyleney Significancex
Pinokio 2.0±0.0 1.0±0.0 ***
Summer Kiss 4.6±0.2 5.0±0.6 ns
Values are means of 5 replication ± SE
z Vase life was defined as the time from ethylene treatment  to 
when petals wilt.
yTen µL∙L-1 ethylene was treated to pollinated flowers for 24 h.
xns, ***: nonsignificant or significant at P<0.001, respectively 
by t-test.
Fig. 8. Changes in relative flower diameter after ethylene 
treatment to pollinated flowers.
 Each plot represents the means of 5 replications + SE.
Ten µL・L-1 ethylene was treated to pollinated flowers for 24 h.
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度が遅く，エチレン生成の増加が遅れる（Singh et al., 
1992）．ゼラニウムでは，花柱の途中で花粉管の伸長が
停止する花粉で受粉すると，花からのエチレン生成量が
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法である．糖処理に関しては通常後処理にくらべて前処






















































































Fig. 9. Photographs showing 
the damaged leaves cased by 
4% sucrose pulse treatment 
















































































Fig. 10. Photographs of section of leaf tissue treated with 
distilled water (control) and 4% sucrose in cut ‘Mira Coral’ 
flowers. Control(Ⅰ，Ⅱ ), no-damaged part of leaf treated with 
sucrose (Ⅲ，Ⅳ ), damaged part of leaf treated with sucrose (Ⅴ，
Ⅵ ). Ⅰ，Ⅲ，Ⅴ :× 100，Ⅱ，Ⅳ，Ⅵ :× 400.
E, epidermal tissue : P, palisade mesophyll : V, vascular tissue.
Table 13. Sugar concentration of leaves treated with distilled 
water (control) and 4% sucrose in cut ‘Mira Coral’ flowers.
Treatment Sugar concentration (mg∙g-1FW)
Sucrose Glucose Fructose Total
Control 12.2±2.5 7.0±0.3 0.0±0.0 19.1±2.7
4% Sucrose 50.8±6.3 8.3±0.3 0.0±0.0 59.1±6.4
Significancez ** * ns ***
After pulse treatments, lowest leaves were used for sugar 
analysis.
Values are means of 4 replications ±SE.
zns, *, **,  *** : nonsignificant or significant at P<0.05, 0.01 or 
0.001, respectively by t-test.
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Table 14.  Ef fect of the relat ive humidity and sucrose 
concentration on solution absorption and  rate of leaf damage in 
cut ‘Mira Coral’ flowers.






53 0 1.16±0.10   -     0
2 1.05±0.03 20.9±0.6     0
4 0.81±0.03 32.3±1.0 100
71 0 0.82±0.06   -     0
2 0.76±0.02 15.2±0.5     0
4 0.72±0.04 28.9±1.7   50
86 0 0.63±0.04   -     0
2 0.75±0.03 14.9±0.6     0





Values are means of 6 replications ± SE.
See in the text on leaf damage.
zNumber of flower stems which has at least one injured leaf /6 
flower stems  × 100.
yAnalysis by two-way ANOVA.
Table 15.  Ef fect of the relat ive humidity and sucrose 
concentration on the vase life and bud opening of cut ‘Mira　
Coral’ flowers.
RH(%) Sucrose (%) Vase life (days)z Rate of bud opening (%)y
53 0 10.2±2.6   68
2 12.5±2.1   89
4 14.3±0.9   89
71 0   4.7±0.8   39
2   9.3±1.5   61
4 15.8±1.8 100
86 0   7.3±1.5   61
2   8.5±1.3   58





Values are means of 6 replications± SE .
zVase life of f lowers was determined as the interval from 
treatment to when the number of open f lorets with erect 
pedicels was less than three.
yNumber of bud opening during vase life/number of buds at 
harvest×100.
xAnalysis by two-way ANOVA.
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Fig.11. Effect of sucrose concentration under different RH 
conditions during pulse treatment on the number of open florets 
per stem. 
Each plot represents the means of 6 replications + SE.



















バラ切り花において報告されている（Kohl and Rundle, 






























きな差がみられなかった（第 15表 , 第 11図）．さらに，
Table 16. Effects of pulse treatment with distilled water 
(control), 4% sucrose, 10µ M ABA and 4% sucrose + 10µ M ABA 
on the solution absorption and rate of leaf damage in cut ‘Mira 
Coral’ flowers.
Solution absorption Rate of leaf damagez 
Treatment （g・g-1FW・21h-1） (％）
Control 0.75 ay 0
ABA 0.36 b 0
Sucrose 0.71 a 50





Values are means of 10 replications.
The conditions for pulse treatments were 23℃, 66% relative 
humidity and dark for 21h.
See in the text on leaf injury.
zNumber of flower stems which has at least one injured leaf /10 
flower stems ×100.
yData with different letters are significant at P=0.05 by Turkey-
Kramer test.
xAnalysis by two-way ANOVA.
Table 17. Effects of pulse treatments with distilled water 
(control), 4% sucrose, 10µ M ABA and 4% sucrose + 10µ M ABA 
on the vase life and bud opening of cut ‘Mira Coral’ flowers.
Treatment Vase life (days) Rate of bud opening (%)
Flowerz Foliagey
Control 8.4 ax 6.9 a 90
ABA 8.8 ab 10.1 b 100
Sucrose 10.4 bc 7.0 a 100




ABA ×Sucrose P=0.2115 P=0.0462
Values are means of 10 replications.
zVase life of f lowers was determined as the interval from 
treatment to when the number of open f lorets with erect 
pedicels was less than five.
yVase life of foliage was defined as the days when more than half 
leaves lost turgor.
x Data with different letters are significant at P=0.05 by Turkey-
Kramer test.
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Fig.12. Changes in the water uptake (upper) and water loss 
(bottom) of cut ‘Mira Coral’ flowers treated with sucrose, ABA 
and their combination for plusing.
After pulse treatment, cut flowers were put in the distilled water 
during experiment. 
Each plot represents the means of 10 replications ± SE. 
Fig.13. Changes in the fresh weight of cut ‘Mira Coral’ flowers 
treated with sucrose, ABA and their combination for plusing.
After pulse treatment, cut flowers were put in the distilled water 
during experiment. 












0 5 10 15

















Fig.14. Changes in the number of open florets per stem in 
cut ‘Mira Coral’ flowers treated with sucrose, ABA and their 
combination for plusing.
After pulse treatment, cut flowers were put in the distilled water 
during experiment. 
Each plot represents the means of 10 replications ± SE. 
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開花小花数は対照と比べてほぼ同様の推移を示した（第
14図）．50µM以上の ABA処理はバラ（Kohl and Rundle, 
1972）やカーネーション（Mayak and Dilley, 1976b）で
花の老化を促進することが報告されている。バラでは
38µM ABA処理は，暗黒条件下や葉のない切り花におい













































Fig. 15. Changes in solution uptake during pulse treatments in 
cut Eustoma flowers.
Each plot represents the means of 5 replications + SE. 
Table 18. Effect of the distilled water (control), 4% sucrose and 
4% sucrose+10µ M ABA on the stomatal conductance of the 
lowerst leaves at 6 h during pulse treatemnts in cut ‘Mahoroba 
Pink Flush’ flowers. 




Values are means of 5 replications.
z Data with different letters are significantl at P=0.05 by Fisher's 
PLSD test.
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3個に調整した．処理後の植物体の 13C存在率が約 0.4 
atom%13Cexcessになるように標識スクロース［UL-13C12］
sucrose（98 atom%13C，昭光通商（株））を加えた 4%ス
クロースおよび 4%スクロース +10µM （+）ABAの各
処理液を用いた．なお，処理液にはイソチアゾリン系抗
菌剤 CMI/MIを 0.5mL・L-1となるように加えた．前処


























































































































Time after treatment (days)
Fig. 16. Changes in absorbed carbon (C) contents in each part after sucrose (○）, sucrose+ABA (● ) treatments.
Each plot represents the means of 3 replications ± SE.























Table 19. Total carbon content of open florets and buds 5 days after pulse treatment  with 4% sucrose and 4% sucrose+ 10µ M ABA 
in cut ‘Mahoroba Pink Flush’ flowers.
Treatment
Total carbon content (mg·plant-1)
Open florets Large bud Middle bud Small bud
Sucrose 593.6 163.8 156.8 130.2
Sucrose+ABA 629.5 181.2 150.6 116.5
Significancez ns ns ns ns
Buds were clasified in their length; large (L), middle (M) and small (S).  
Values are means of 3 replications ± SE.






















































されている（Sacalis and Durkin, 1972）．さらに，茎の一
部を環状剥皮すると， 14Cの茎葉から花への転流が抑制
されることから，吸収させた糖は師管経由で転流される
と考察されている（Sacalis and Durkin, 1972）．
　開花小花およびつぼみでは 2日目以降の吸収したスク

































































and Kofranek, 1984； 島 村・ 岡 林，1997；Ichimura and 













































留水（対照），0.2mM STS＋ 4%スクロースおよび 0.2mM 
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Fig.17. Effects of pulse treatments of STS, sucrose and sucrose 
+ STS on the number of open florets per stem in cut ‘Asuka-no-
nami’ flowers.
After pulse treatment, cut flowers were put in the distilled water 
during experiment. 
Each plot represents the mean of 8 replications + SE. 
Table 20. Effects of pulse treatments with distilled water 
(control), 0.2mM STS, 4% sucrose and 4% sucrose + 0.2mM 
STS on the vase life and bud opening in cut ‘Asuka-no-nami’ 
flowers.
Treatment
Vase life (days) Rate of bud 
openingx (%)Flowerz Foliagey
Control 4.8aw 5.0a 32
STS 8.1b 7.5b 61
Sucrose 11.3c 7.9b 94
Sucrose+STS 11.9c 8.6b 94
Values are means of 8 replications.
z  Vase life of f lowers was determined as the interval from 
treatment to when the number of open f lorets with erect 
pedicels was less than two.
y  Vase life of foliage was defined as the days when more than half 
leaves lost turgor.
x  Number of bud opening during vase life of cut flowers / number 
of bud at harvest ×100
w  Data with different letters are significant at P=0.05 by Fisher's 
PLSD test.
Table 21. Effects of pulse treatments with distilled water (control), 0.2mM STS, 4% sucrose and 4% sucrose + 0.2mM STS on 





Sucrose Glucose Fructose Total
Control 3.8az 1.2a 1.5a 0.4a 3.1a
STS 3.8a 1.5a 1.5a 0.4a 3.4a
Sucrose 6.9b 7.0b 9.9b 0.2a 17.1b
STS+Sucrose 7.3b 8.6b 12.0b 0.4a 20.9b
Values are means of 4 replications. Bud length at harvest was 4.4 ± 0.1cm.
z Data with different letters are significantl at P=0.05 by Fisher's PLSD test.
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Fig.18. Effects of pulse treatnments of sucrose+STS and 
sucrose ＋ STS ＋ ABA on the water uptake (upper) and water 
loss (bottom) in cut‘Nail Swan’flowers.
After pulse treatment, cut flowers were put in the distilled water 
during the experiment. 
Each plot represents the mean of 8 replications + SE.
Table 22. Effects of pulse treatments with distilled water 
(control), 4% sucrose + 0.2mM STS and 4% sucrose + 0.2mM 
STS+10µ M ABA on the solution absorption and rate of leaf 




Rate of leaf damagez (%)
Control 0.72ay   0
Sucrose+STS 0.56b 38
Sucrose+STS+ABA 0.43c   0
The conditions for pulse treatments were 23°C, 70% relative 
humidity and dark for 24h.
See in the text on leaf damage.
Values are means of 8 replications.
z  Number of flower stems which have at least one injured leaf / 8 
flower stems × 100








で，STS＋ 4%スクロース＋ ABAの前処理では ABAの
作用により気孔が閉鎖した可能性がある． 
　STS＋ 4%スクロース，STS＋ 4%スクロース＋ ABA
いずれの処理も対照に比べて花および葉の日持ちが延長
した（第 23表）．切り花あたりの開花小花数および新鮮








コギキョウで明らかにされている（Tsukaya et al., 1991；
Kawabata et al., 1999）．























　実験 2）では STS＋ 4%スクロースにおいて 38%の
切り花で障害葉が確認されたが，ABAを併用すると発
生率は 0%となった（第 22表）．STSと 4%スクロース
Table 23. Effects of pulse treatments with  distilled water (control), 4% sucrose + 0.2mM STS and4% sucrose + 0.2mM STS+ 
10µ M ABA on the vase life of  flower and foliage in cut ‘Nail Swan’ flowers. 
Treatment
Vase life (days)
Rate of bud openingx (%)Flowerz Foliagey
Control  12.6aw   7.6a 100
Sucrose+STS 15.6b 13.9b 100
Sucrose+STS+ABA 16.6b 15.4b 100
Values are means of 8 replications.
z Vase life of flowers was determined as the interval from treatment to when the number of open florets with erect pedicels was less 
than three.
y Vase life of foliage was defined as the days when more than half leaves lost turgor.
x Number of bud opening during vase life of cut flowers / number of bud at harvest ×100
w Data with different letters are significant at P=0.05 by Fisher'sPLSD test.
Table 24. Six treatments in which pulse and simulated transport 








DW Wet 0.5mL·L-1 CMI/MI
0.2mM STS Dry










z  Pulse solutions were treated to cut flowers just after harvest at 
23°C, 70% relative humidity in the dark for 24 h. 
y  Wet or dry indicate that cut flowers were transported with or 
without keeping in the solution, respectivaly. 














は 15℃（20時半～ 8時まで 10℃），相対湿度 98%程度
で推移した．輸送シミュレーション後にすべての切り花
の茎基部を 2cm切り戻してから蒸留水に挿した．切り



























び 1%スクロース＋ STS→湿式の 5処理は現行で用い
られているトルコギキョウの処理および輸送形態を想定
した．湿式輸送溶液にはすべて抗菌剤として CMI/MIを 
Table 25.  Effects of pulse and simulated transport treatments on the vase life and bud opening in cut ‘Mira Marine’ flowers.
Treatment  Vase life(days)
(pulse→ transport) Flowerz Foliagey Rate of bud openingx (%)
DW→ Dry 5.4**w 5.6** 79
DW→Wet  6.9** 6.3** 88
STS→ Dry 5.5** 7.0** 92
STS→Wet  9.1ns 9.2** 96
1% Suc + STS→Wet  7.6* 8.7** 96
4% Suc + STS + ABA→Wet(1% Suc) 11.3 12.6 100
Values are means of 8 replications.
The details of these treatments were shown in Table 24.
z Vase life of flowers was determined as the interval from treatment to when the number of open florets with erect pedicels was less 
than five.
yVase life of foliage was defined as the days when more than half leaves lost turgor.
xNumber of bud opening during vase life of cut flowers / number of bud at harvest ×100




はなかったが，4%スクロース＋ STS＋ ABA→ 1%ス
クロースで花持ちが長い傾向がみられた．さらに，葉の
日持ちは 4%スクロース＋ STS＋ ABA→ 1%スクロー
スで著しく延長した．また，つぼみの開花率は 4%スク
ロース＋ STS＋ ABA→ 1%スクロースで 100%となっ
た（第 25表）．開花小花数は処理後 1～ 3日目は 1%ス
クロース＋ STS→湿式で最も増加したが，6日目以降は
4%スクロース＋ STS＋ ABA→ 1%スクロースで最も
多くなった（第 19図，第 20図）．新鮮重の増加率は 4% 


















































Fig.19. Photograph showing cut ‘Mira Marine’flowers 
subjected to pulse and simulated transport treatments.
Photographs were taken 9 days after simulated transport. 
The detail of treatments was shown in Table 24.
( Ⅰ ) DW→Dry, (Ⅱ) DW→Wet, (Ⅲ) STS→Dry, (Ⅳ) STS→Wet,
































Time after simulated transport (days)
Fig.20. Effects of various pulse and simulated transport 
treatments on the number of open florets per a stem in cut ‘Mira 
Marine’ flowers.
The detail of treatments was shown in Table 24.
After simulated transport, cut flowers were put in the distilled 
water during the experiment. 
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Fig.21. Effects of various pulse and simulated transport 
treatments on the fresh weight in cut ‘Mira Marine’  flowers.
The detail of treatments was shown in Table 24.
After simulated transport, cut flowers were put in the distilled 
water during the experiment. 
P and T indicate the periods of pulse and simulated transport 
treatments, respectively.
Each plot represents the mean of 8 replications + SE.





























（第 21図）．DW→乾式と STS→乾式はほぼ同等の花持 
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Fig.22. Effects of various pulse and simulated transport 
treatments on water uptake (upper) and water loss (bottom) in 
cut ‘Mira Marine’ flowers.
The detail of treatments was shown in Table 24.
After simulated transport, cut flowers were put in the distilled 
water during the experiment. 
Each plot represents the mean of 8 replications + SE. 
Table 26.  Five treatments in which pulse and transport were 
combined for cut ‘Hokutosei’ flowers.
 Pulse solutionz Transporty
 Type of transportx Solution in the bucket
Tap water Dry
Tap water Wet antimicrobial compoundsw
0.2mM STS Dry
0.2mM STS Wet antimicrobial compounds
4%Suc+0.2mM STS+10µM  1%Sucrose+antimicrobial
(±)ABA+0.5mL・L-1CMI/MI Wet  compounds
zPulse solutions were treated to cut flowers just after harvest at 
18℃ in the dark for 22h. 
y After pulsing, cut flowers were transported for  about 45 h, and 
the temperature and relative humidity during transport were 
referred to Fig. 23.
x Wet or dry indicate that cut flowers were transported with or 
without keeping in the solution, respectivaly.
w Antimicrobial compounds were the combination of  0.5mL ・L-1 
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Fig. 23. Change in temperature and relative humidity during transport of cut ‘Hokutosei’ flowers from Hokkaido to Ibaraki.











































Table 27.  Effects of pulse and transport treatments on the vase life and bud opening in cut ‘Hokutosei’ flowers.
Treatment  Vase life (days)
 Rate of bud opening x(%)
 (pulse→ transport) Flowerz Foliagey
TW→ Dry 7.8**w 4.6** 53
TW→Wet 7.0** 5.5** 48
STS→ Dry 9.7* 7.4ns 68
STS→Wet 7.8** 6.2** 51
4%Suc+STS+ABA→Wet (1%Suc) 11.8 9.0 82
Values are means of 10 replications.
The details of these treatments were shown in Table 26. 
z Vase life of flowers was determined as the interval from treatment to when the number of open florets with erect 
pedicels was less than four. 
yVase life of foliage was defined as the days when more than half leaves lost turgor.
xNumber of bud opening during vase life of cut flowers / number of bud at harvest ×100


















管閉塞が起こり，茎の水通導性が低下する（Hu et al., 
1998a）と考えられている．そのため，切り戻しを行わ
ずに生け水に挿すと，水の吸収が抑制され花持ちが短く 
















クロース＋ STS＋ ABA→ 1%スクロースは，水道水→
乾式，水道水→湿式および STS→湿式とは 1%水準で，
STS→乾式とは 5%水準で有意に花持ちが延長した．さ
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Fig.24. Effects of various pulse and transport treatments on 
water uptake (upper) and water loss (bottom) in cut ‘Hokutosei’ 
flowers.
The detail of treatments was shown in Table 26.
After simulated transport, cut flowers were put in the distilled 
water during the experiment. 
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Fig.25. Effects of various pulse and transport treatments on the 
fresh weight in cut ‘Hokutosei’ flowers.
The detail of treatments was shown in Table 26.
After simulated transport, cut flowers were put in the distilled 
water during the experiment. 
P and T indicate the periods of pulse and simulated transport 
treatments, respectively.
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Fig.26. Effects of various pulse and transport treatments on the 
number of open florets per stem in cut ‘Hokutosei’ flowers.
The detail of treatments was shown in Table 26.
After simulated transport, cut flowers were put in the distilled 
water during the experiment. 
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クロース＋ STS＋ ABA→ 1%スクロースでは 82%と最
もつぼみの開花率が高くなった．切り花あたりの開花小
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